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Abstract 
Primary school teachers often lack content (CK) and pedagogical content knowledge (PCK) in the domain of natural sciences. 
Therefore effective teacher training is needed and the outcomes have to be assessed. In this paper the validation of an assessment 
methodology is described as part of an interdisciplinary primary science teacher education program at the university level. A 
multi-perspective questionnaire using different formats was constructed. The internal consistency of the scales measuring general 
and topic-specific facets of PCK is adequate and the subcategories are stable. The domain-specific and interdisciplinary CK 
assessment tools are less consistent but include a wide content spectrum (bandwidth fidelity dilemma). The instruments could be 
used for science teacher education as well as for professional development.  
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1. Problem Statement 
Hattie (2009) noted in his meta-study a huge teachers’ impact on the achievement of their pupils closely related to 
the professional skills in designing adequate lessons. In contrast primary science teachers quite often lack content 
and pedagogical content knowledge (CK/PCK) (Appleton, 2007). The current conceptualizations of teachers’ 
professional knowledge are based on Shulman’s taxonomy in 1987. He distinguished mainly between the content 
and the pedagogical knowledge and worked out the pedagogical content knowledge as “the special amalgam of 
content and pedagogy” (Shulman, 1987, p.8).  Shulman (1986a) described the PCK as “subject matter knowledge for 
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teaching” and emphasized the unique characteristic of PCK as teachers’ professional knowledge. Due to this 
connection with the CK it is essential to integrate CK and PCK in teacher education. A literature review reveals 
many different conceptualizations of PCK: According to Grossman (1990), Magnusson and colleagues (1999) 
classify PCK in the domain of natural sciences in (1.) general orientations towards science teaching and (2.) a topic-
specific component, which consists of (a) knowledge about the pupils’ general understanding of science, (b) 
knowledge about instructional strategies, (c) knowledge about assessment in science and (d) knowledge and beliefs 
about science curriculum. For this study only the parts (a) and (b) but not (c) and (d) were assessed (cf. Kratz & 
Schaal, 2013). As indicator for the success of a teacher education program it is necessary to evaluate the 
achievement and the cognitive learning outcomes. Questionnaires within topic-specific PCK inquiry seem to be 
suitable (Terhart, 2007), but until now studies are mainly based on qualitative assessment tools (Baxter & Lederman, 
1999) and adequate assessment tools are rare (D’Avanzo, 2008; Knight, 2010). This study contributes an exemplary 
methodology and quantitative tool to assess topic-specific PCK and its interconnection to the CK. 
2. Purpose of Study 
In this study a methodology was developed to assess the outcomes of an initial primary science teacher training 
course. The course was carried out as a regular university undergraduate class in primary teacher education (14 
sessions à 90 minutes, one session per week). The goal of the course was the explicit connection of CK in the 
domains of biology and physics with general aspects of science-related and topic-specific PCK. As specific course 
content the “hibernation of homoiothermic animals” was chosen. In this study, the measuring procedure to assess 
CK and PCK consisted of three data collections before (pre), directly after the course (post) as well a follow-up six 
month later (cf. Kratz & Schaal, 2013 for detailed procedure). In this paper the research methodology, the 
development and validation of the tools for the assessment of CK and PCK are presented and discussed. 
3. Methods 
The development and the validation of an adequate assessment methodology in this study followed a distinct 
procedure (AERA, 1999). Existing assessment tools were adapted, extended or additional instruments were 
developed. During two preliminary studies (Kratz, Schaal, & Heran-Dörr, 2012) the selected tools were tested in 
four steps: In each study the tools were applied before (pre) and after (post) the specific treatment. The instruments 
were partially adapted between the four test times (cf. figure 1).  
The first part of this chapter describes the development of (a) the CK questionnaires in the domain of biology and 
physics related to thermodynamics and hibernation and the development of (b) the questionnaires for the 
interdisciplinary transfer knowledge. In the second part the tool development for the assessment of general and the 
topic-specific PCK are presented.  
3.1. CK assessment tool development 
A questionnaire has been developed to assess the content knowledge about thermodynamics in the domain of 
physics and the content knowledge about hibernation in the domain of biology. In the domain of physics open and 
closed items were compiled depending on content-related criteria from established assessment tools (Einhaus, 2007; 
Yeo & Zadnik, 2001). Due to the fact that established tools to assess specific knowledge about hibernation are 
missing, content-related single choice items had to be constructed. The physics- and biology-related items were 
tested in four steps: On the basis of item analysis concerning selectivity and index of difficulty, items were 
eliminated or modified. The spectrum of the requesting physical and biological topics did not allowed to generate a 
scale with a high consistency of content for each domain (bandwidth fidelity dilemma, cf. Krohne & Hock, 2007). 
Due to the test efficiency an extension of the questionnaire was not reasonable. So the outcomes of the factor 
analysis were only partially considered by the compilation of the assessment tools.  
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Fig. 1. Overview about the development procedure  
In addition to the subject-specific CK the interdisciplinary transfer knowledge was assessed by open questions. 
Therefore, seven different self-constructed items were tested in the post-tests of the two preliminary studies. For 
analysis a model-solution for each question was generated, divided into categories to rate the answers (cf. figure 2a). 
This procedure resulted in quantitative data. A factor analysis was applied to compile the items with the best 
reliability. These assessment tools were completed and triangulated by a concept mapping procedure to assess the 
interdisciplinary content knowledge. The development and methodology of this procedure is described in an earlier 
article (Kratz, Schaal, & Heran-Dörr, 2013). 
3.2. PCK assessment tool development 
For the assessment of general orientations towards science teaching established scales were partly applied 
(Kleickmann, 2008) and the subscales ‚conceptual change‘ and ‚pupils’ preconceptions’ were adapted using factor 
analysis.  
Topic-specific PCK was assessed using a tool for the components of (a) ‘knowledge about pupils’ understanding 
of science‘ and (b) ‘knowledge about instructional strategies‘. This tool and procedure had to be constructed and a 
multistage development process was necessary: 
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Fig. 2. (a) Item example for transfer questions (b) Item example for topic-specific PCK – learning difficulties 
(1.) First topic-specific literature of PCK (cf. for example Duit, 2010; Wiesner, 2006 for the domain of physics; 
cf. Baisch & Schaal, 2009 for the domain of biology) was considered and nine open questions were derived. Based 
on the answers of the test persons, who participated at the first part of preliminary study (Npre=72; Npost=51), a 
system of categories was developed and the answers were rated. According to the content-related criteria the 
questions were matched towards on two scales: one of the scales includes pupils’ preconceptions and is a 
subcategory of ‘knowledge about pupils’ understanding of science‘ and the other scale implies the sub-scales 
‘support of learning with representations’ and ‘structuring of subjects’ as part of the knowledge about instructional 
strategies.  As first step the consistent enough scales ‘pupils’ preconceptions’ (αpost=.537) and ‘knowledge of 
instructional strategies’ (αpost=.505) resulted.  
In this study the collection of a larger amount of data was intended, so the second step (2.) was to develop a 
questionnaire with closed questions. For this purpose two different procedures were chosen: On the one hand items 
were generated based on the open answers of the test persons. On the other hand video recordings of topic-specific 
lessons were analyzed with regard to pupils’ preconceptions and teachers’ instructional strategies. The result were 
eight closed questions with a total of 49 items consisting of five questions (32 items) in the sub-scale of instructional 
strategies and three questions (17 items) in the sub-scale of pupils’ preconceptions. The third step (3.) was to reduce 
the item number and to enhance the reliability. The closed questions were answered by the test persons of the second 
part of the preliminary study (Npre=69; Npost=37). In the domain of PCK current research indicates the efficiency of 
certain measures, but general statements about right or false solutions can hardly be made. So instead of fixing a 
correct answer it is more applicatory to define a response range and assign points weighted to the adequacy of 
answers. The evaluation was based on a validated model solution of experts and on interpretation using a factor 
analysis. The final version of the assessment tool is described in 4.2. In addition to these closed questions two open 
questions were used requesting a sub-scale of knowledge about pupils’ understanding of science, mainly learning 
difficulties. In this context language as a way of communication plays a decisive role. For assessment of learning 
difficulties based on linguistic problems open questions are most feasible. Therefore a multi-staged category system 
was developed for the rating. According to Wodzinsky (1996) the categories differentiate (a) learning difficulties 
caused by the content itself, (b) the learners’ prerequisites and (c) the teaching methodology. There were different 
evaluation steps; at the first place a quantitative analysis and secondly the assessment of the answers’ quality (cf. 
evaluation steps in figure 2b). In the following chapter the developed assessment tools for CK and PCK are 
described. 
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4. Results 
The instruments were developed in four steps during two preliminary studies (Kratz, Schaal, & Heran-Dörr, 
2012) and they were continually adapted between the four test times (cf. overview in figure 1). So the specified 
statistical values relate partially to the pre-test and partially to the post-test. In the first preliminary study a total of 
85 test persons participated, in the second preliminary study altogether a total of 72 persons, but there is not a 
complete set of data of every person, so the statistical calculations are often based on a less specified data volume. 
In the main study the instruments were used with N=346 (cf. for detailed information Kratz & Schaal, 2013). 
Even so the statistical calculations are often based on a less specified data volume due to missing data, but data 
imputation procedures were not applied. Table 1 gives an overview about the statistical parameters of the main 
study’s post-test. 
   Table 1: Overview statistical parameters post-test main study 
Domain Number of items N Mean Variance SD Cronbach‘s α 
Physics-related CK 8 252 5,33 2,086 1,444 .304 
Biological CK 15 238 9,66 4,370 2,091 .471 
Transfer knowledge 15 262 4,36 4,775 2,185 .568 
General PCK: Pupils’ preconceptions 3 262 12,89 3,141 1,772 .739 
General PCK: Conceptual change 6 262 25,61 48,161 6,940 .661 
Topic-specific PCK: Pupils’ preconceptions 15 252 42,77 21,853 4,675 .624 
Topic-specific PCK: Instructional strategies 16 245 58,40 36,734 6,061 .661 
4.1. CK assessment tool 
The assessment tool for the physics-related CK consists of eight single choice items with four distractors each 
(cf. item example in figure 3). The questions did not load to a consistent scale (αpost=.304; N=252), because of the 
spectrum of requested topics. For the analysis the total sum of all correct answers was calculated.  
The assessment tool for the evaluation of biology-related CK is composed of five questions with three true or 
false items each (cf. item example in figure 4). The adequate reliability of the instrument in the post-test of the 
second preliminary study (αpost=.632; N=37) could not be replicated in the main study (αpost=.471; N=238). In the 
domain of physics the spectrum of the topic is assumed to be the reason for low reliability, correct answers to 
biology-related questions were also summed up. 
Fig. 3. Item example  for physics-related CK 
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Fig. 4. Item example for biological CK 
For the interdisciplinary transfer knowledge a sub-scale of CK was assessed with three open questions (cf. item 
example in figure 2a). The reliability of the instrument was acceptable in the post-test of the second preliminary 
study (αpost=.729; N=12), but it could not be confirmed in the main study (αpost =.568; N=262). 
4.2. PCK assessment tool 
For the assessment of general orientations towards science teaching the subscales ‚conceptual change‘ 
(αpost=.661; N=262) and ‚pupils’ preconceptions‘(αpost=.739; N=262) of the inventory from Kleickmann (2008) were 
used. The outcome of the factor analysis corresponded exactly with the published compilation of items 
(Kleickmann, 2008). The instrument includes six likert-scaled items in the subscale ‘conceptual change’ and three 
likert-scaled items in the subscale ‘pupils’ preconceptions’.  
The assessment tool for the evaluation of topic-specific PCK consists of a scale named ‚pupils’ preconceptions’ 
with 15 items assigned to three questions (αpost=.624; N=252) (cf. item example in figure 5) and a scale named 
‘instructional strategies’ with 16 items assigned to four questions (αpost=.661; N=245) (cf. item example in figure 6). 
The quantified data of the two open questions to the learning difficulties did not load to a consistent scale. The 
reason seems to be that one question mainly includes knowledge about the domain of physics and the other question 
mainly requests knowledge about the domain of biology (cf. biological item example in figure 2b). The finally 
evaluation is still to be completed.  
Fig. 5. Item example for topic-specific PCK – pupils’ preconceptions 
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Fig. 6. Item example for topic-specific PCK – instructional strategies 
5. Recommendation 
Due to the huge spectrum of the CK in physics and biology a domain-specific scale with an acceptable internal 
consistency could not be generated successfully. One solution is the extension of the assessment tool with subscales 
for each domain with an adequate reliability. In the domain of physics suitable subscales might be ‘conduction’, 
‘convection’ and ‘isolation’. In the biological domain possible subscales might be ‘hibernation’, ‘winter dormancy’ 
and ‘active overwintering’. Due to the test efficiency this was not implemented in this study, because different 
components of professional knowledge and motivational orientations were assessed and this multi-perspective 
questionnaire already comprised a total of 18 pages and about one hour processing time On the other hand reduction 
of the spectrum of the gathering knowledge could enhance the internal consistency of the questions. Even so the 
treatment of the study includes an expanded content. The limitations of a specific instrument are the limited validity 
and generalization of the results. The open questions for the assessment of the transfer knowledge on the other hand 
have adequate statistical parameters. The rating of the questions with the specific category system is very time-
consuming and hardly suitable to being used in a huge sample. A further development of close questions could be 
promising.  
The procedure for generating a topic-specific PCK assessment tool as it has been done in this study has proved 
useful. The development is very complex, but stable scales and the adequate statistical parameters seem to justify 
the effort. As hibernation and thermodynamics are part of the curricula, the assessment tool could be used directly in 
teacher education and professional development. Furthermore the specific procedure could be adapted easily to 
other topics of different domains in science education, which might facilitate the development of further PCK 
assessment tools. Those instruments are necessary for a detailed overview about the efficiency of topic-specific 
teacher training and for purposeful ongoing development of the teacher preparation and schooling.  
References 
AERA (1999). Standards for educational and psychological testing. Washington: AERA.  
Appleton, K. (2007). Elementary science teaching. In S. Abell & N. Ledermann (Eds.), Handbook of Research on Science Education (pp. 493-
536).  Mahwah: Lawrence Erlbaum.  
Baisch, P. & Schaal, S. (2009). Überwinterung ist mehr als nur ein dickes Fell! Überlegungen zum Aufbau anschlussfähigen Wissens durch eine 
alternative Betrachtung der Überwinterung gleichwarmer Tiere. Sache- Wort-Zahl, 104 (37), 18-27.  
1559 Julia Kratz and Steffen Schaal /  Procedia - Social and Behavioral Sciences  191 ( 2015 )  1552 – 1559 
Baxter, J. A., & Lederman, N. G. (1999). Assessment and measurement of pedagogical content knowledge. In J. Gess-Newsome & N. G. 
Lederman (Eds.), Examining pedagogical content knowledge (pp. 147-161). Dordrecht: Kluwer.  
D’Avanzo, C. (2008). Biology Concept Inventories: Overview, Status, and Next Steps. Bioscience, 58 (11), 1-7.  
Duit, R. (2010). Wege in die Wärmelehre. Schülervorstellungen zu den Grundbegriffen der Wärmelehre und zu Wärmephänomenen. Unterricht 
Physik, 115 (21), 4-7.  
Einhaus, E. (2007). Schülerkompetenzen im Bereich Wärmelehre - Entwicklung eines Testinstruments zur Überprüfung und Weiterentwicklung 
eines normativen Modells fachbezogener Kompetenzen. In H. Niedderer, H. Fischler & E. Sumfleth (Eds.). Studien zum Physik- und 
Chemielernen (Band 63), Berlin: Logos.  
Grossman, P. L. (1990). The making of a teacher. Teacher knowledge and teacher education. New York: Teachers College Press.  
Hattie, J. (2009). Visible Learning. A synthesis of over 800 meta-analyses relating to achievment. London & New York: Routledge.  
Kleickmann, T. (2008). Zusammenhänge fachspezifischer Vorstellungen von Grundschullehrkräften zum Lehren und Lernen mit Fortschritten 
von Schülerinnen und Schülern im konzeptuellen Verständnis. Münster: Inaugural-Dissertation.  
Knight, J. (2010). Biology concept assessment tools: design and use. Microbiology Australia, March, 5-8.  
Kratz, J. & Schaal, S. (2013). Strukturierung und Praxisnähe in der Sachunterrichtsausbildung - Eine Interventionsstudie. In J. Mayer et al. (Eds.), 
Praxis - Empirie - Theorie. Abstractband. Internationale Tagung der Fachsektion Didaktik der Biologie (FDdB) im VBio (pp. 74-75). Kassel: 
Kassel university press.  
Kratz, J., Schaal, S. & Heran-Dörr, E. (2012). Förderung naturwissenschaftsdidaktischer Kompetenzen von Sachunterrichts-studierenden durch 
instruktionale Unterstützung. Theoretische Fundierung und Anlage der Studie. In F. Hellmich, S. Förster, S. & F. Hoya (Eds.), Bedingungen 
des Lehrens und Lernens in der Grundschule – Bilanz und Perspektiven. Jahrbuch Grundschulpädagogik (pp. 261-264). Wiesbaden: Verlag 
für Sozialwissenschaften.  
Kratz, J., Schaal, S. & Heran-Dörr, E. (2013). Fachwissen von Lehramtsstudierenden zum Thema „Leben in extremen klimatischen 
Bedingungen“ - Erhebung des Fachwissens im Rahmen einer Interventionsstudie. GDSU-Journal, 3, 23-36.  
Krohne, H.W. & Hock, M (2007). Psychologische Diagnostik. Grundlagen und Anwendungsfelder. Stuttgart: Kohlhammer.  
Magnusson, S., Krajcik, J., & Borko, H. (1999). Nature, sources and development of pedagogical content knowledge for science teaching. In J. 
Gess-Newsome & N. G. Lederman (Eds.), Examining pedagogical content knowledge (pp. 95-132). Dordrecht: Kluwer.  
Shulman, L. (1987). Knowledge and teaching: Foundations of the new reform. Harvard Educational Review, 57, 8.  
Shulman, L. S. (1986a). Those who understand: Knowledge growth in teaching. Educational Researcher, 15, 9  
Terhart, E. (2007). Erfassung und Beurteilung der beruflichen Kompetenzen von Lehrkräften. In M. Lüders & J. Wissinger (Eds.), Forschung zur 
Lehrerbildung. Kompetenzentwicklung und Programmevaluation (pp. 37-62). Münster: Waxmann.  
Wiesner, H., Metzger, S. & Heyen, N. (2006). Wärmelehre im Anfangsunterricht. Temperatur und Temperaturangleich. Praxis der 
Naturwissenschaften,  4 (55), 35-39.  
Wodzinski, R. (1996): Schülervorstellungen und Lernschwierigkeiten. In R. Wodzinski: Untersuchungen von Lernprozessen beim Lernen 
Newtonscher Mechanik  (pp. 23-36). Münster. 
Yeo, S. & Zadnik, M. (2001): Fragebogen zur Thermodynamik. Physics Teacher, 39, 498.  
